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ABSTRACT 

This is one of a series of lU instructional 
coaponents of a se«ester*long, environnental earth science course 
developed I for undergraduate students. ' The course includes lectures, 
discussion sessions, and individual learning carrel lessons. 
Presented are the study guide and script for a learning carrel lesson 
bn pollution of the oceans. The slides, audio-cassette tape, and 
other materials necessary for this lesson are not included. (BT> 
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ENVIRONMENTAL EAI«?H SCIENCK 



"Environmental. Earth Science" 4s a new course doveloped at the Universi-ty' 
of Texas at Austin by the Department of Geological Sciences and the Science/ 
' Education Center. It* is offered at The ijniversity of Texas at Austin -as ' ■ 
Geology 36IK aiid has been tried out- during the spring semesters of 1^72, 1973* 
197^ > and 1975* Revisions have beer^ mhde as necessaxqr aftei*^ each tryout# ^ The. 
project within which the course hatf been developed has been supj^prted by the 
Natiohca Science Foundation. . 



The course includes iectj*r6s, discussion sessions, and individualizjsd ' 
Learning C^u-rel Lessonji.* Extensive use hafe- been made of multi-media technology 
in the presentation of the couprse. Learning -Carrels .for Individualized instiAic- 
tion have been especially designed for thid program. The leotiv-es introdu/Se 
si)ecific topicB, suggest problems or questions, an4 provide background in^/or*- 
mation. The discussion sessions provide the student an opportunity to 
questions and clarify ideas • The discussion sessions .also provide inpu* and 
■feedback to t^e instructor. - \ ' 

... ' \ ^ 

The Learning Carrel Lesions have been written by. faculty arid grij^uate stu- 
dents in the geological sciences and in science e'ducation., Write^rf/tod resource 
contributors include Dr. Robert Boyer, Dr.- Holland Bortholpmev^ Dr.^/Keith Young, 
Dr. Samuel Ellison, Dr. James Underwood,^ Dr. David ButtsJ* Dr.-Addia^n E. Lee, 
David Keller, Melahie Lewis, Wayne Schade, Ann Leie, and William W6rLo(^. . Tech- 
nicians involved in production of scripts, ao\ind, and phot.ographj|j)jf were' Stan 
Prescott, Lee-West, Cliarles O.effen, and Willi gun McLo da* Artist^ were Jesus 
Rivas, Alice Canest6Lro», Aly Knox, and Javier Flores. ' /r 

■ J ■ 

Ea«;h Learning Carrel Lesson consists of a set of 2 x 2 slj^'des, an audio 
cassetteVtape, a ptudy guide, a script, and other materials j^cessary to the 
lesson • The study guide and script are in this booklet. Students may set their 
own time .schedule within an announced period when -slides .ajid^t apes are made 
available. " ^ J 

The student should note the list of Leeurning Ceitrel ^esson topics to - place 
in proper cont*nf the lesson in this booklet , and then rfjid carefully the in- 
troduction, rationade, prerequisites, and lesson objecti^s in the study guide • 
The student should follow the instructions in the studj}' guide f^r the eAtli^e 
lesson. In some instances, these instructlbns are alsjl;^'^ repeated 011^ the audio 
cassette tape* The slides and tapes have been synchrpbized to automatically ' 
advance the slides appropriate to the audiotape. Howjjfver, there is a tone 
signal given before the chaj^ge of each slid^ so.that^the lesson can be used 
outside of the carrelMf automatic facilities are no* available. When the 
student Is ready to start the lesson, the 'W* swiyph should be pushed. If 
the slides and tape are operated manually > "both* wiili need to be turned "onii" 
The first slide, is a^trays a title slid* 01^ a blanjt solid colored. slid*. If ; 



the slides und tape are manually opc^rated, this title or blank slide should 
"^be on view before the tape is started* Forv automatic operation^ the slides 
aiid tapes will be set up by' the Instructor or Proctor before the leBsQa and 
between each use. .It is most Important to start each lesson according to 
these instructions in order to provide synchronization of the slides and tape.^ 
Remember that slides placed in tiio tray to be used with a rear view screen 
ar« .reversed from tliose to be used with d front! view screen. 

r 

The student will "be instructed by the study guide and/or the ttipe to 
stop at Various places to ceirry out certain activities. Usually the audio- . 
tape will say, "Please stop the tape now and restcurt only when you have 
finished this exeH||l.8e . Therefore, the student should wait a few seconds 
to finish hearing The instruc<,ion after the word "Stop." However, one should 
not wait long enough for the tone signal or Automatic chcuige to the next slide. 
This signal should be heard after you restart the tape. If thi lesson is 
moving too rapidly, the student may stop the tape and slides at any time to 
consult the study guide or script, but it is NOT POSSIBLE to baclt up and 
re-^examine a given slide without completing the entire cycle of the lesson. 

It is particularly important for the student to carrpr out the instructions 
for aotivities given in the study guide. In order that a record may be main-^ 
tained of tl^ese activities, each student should pick up a copy of the STUDENT 
RESPONSE SHEET which' Incilude questions to be answered and the other activities 
rec[uiring' responses. These should be completed and turned In to the instructor 
as required for grading, feedback for the instructor, and to provide a basis 
for student interaction in the discussion group. 

Each Leeurning Carrel Lesson is independent within the context of the course. 
Some of them provide direct information on a given topic, but in an individualized 
mode requiring some activities etnd thought on the part of the student. Others 
place the student in a role--playing situation where some position must be taken 
on provocative questions oi" issues Others deal primarily with Applications of 
environment a:}, information. . In all the lessons, the stjident ±a expected to receive 
basic information that is coordinated with the lectures, the small group dis- 
cussions, and the readings* 
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Section I: Man's Effect on Nature 



Lesson 6* 1 
Lesson 6, 2 
Lesson 6.3 



Population 
Land Use 
Urban Crisis (Field Trlpl 



Section II: Energy 



Lesson 6,4 
Lesson 6.5 
Lesson 6.6 



Energy 

Energy Resources 
Future Projections 



Section lil: Processes Through Time 

Lesson 6.7: Geologic Time 
Lessori 6.8: Long Te^m Events 
Lesson 6.9: Short Term Events 



Section IV: Natural 



Resou:^^ 
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Lesson 6. 10 
Lesson 6.11 
Lesson 6.12 
Lesson 6. 13 



Minerals 

Conflict? of Interest 

Sofls 

Water 



Section V: Oceanography 

Lesson 6.14: Ocean Resources 
Lesson 6.15: Pollution of the Oceans 



tmiDY GUIDE FOR LEARNING CARREL liESSON 

6.15 

POLLUTION OF THE OCEANS 
EN7IR0NMENTAI. STUDIES 



A Cooperative Project of the Department of 
Geologicais Sciences and the' Science Educa- 
tion Center 



THE UNIVERSITY OF TEXAS AT AUSTIN 



6 . 




TO THK STUDi-JIT: 

Thla booklet contains two sections: (l) the Student Study Oftide 
for this lesson, and •(2) the Script or printed copy of the discussion rec- 
orded on the audio cassette tape. 

You are expected to begin with the printed InetructionB In the 
Study Guide and -folloy them continuously as you study the lesson . In many- 
instances the same or similar Instruct ions, may also be heard on the audio 
cassette tape. Refer to the script only if you need to refresh your memot^ 
as to something that vas said. The script is provided because you cannot 
back up the tape if you need to review something already aaid on the tape. 



Si 



'^pecifit;^ Instructions will be given in the Study Guide as to 
when to start and stop the tape. 'Do not restart the tape until instructed 

to do so in the Study Guide. 

■ i 

Questions requiring written answers should be completed on the 
STUDENT RESPONSE SHEE^ provided by the Instructor. 

INSTRUCTIONS : 

!• Read the Introduction. Rationale, and Ob.jectives for this 
lesson that follows . If- you have questions, check with the Instructor or 
Proctor. 



INTRODUCTION : » 

Think for a moment about the rple the oceans play in the biosphere. 
How many life fortns owe their origin to' this enormous mass of water that 
covers over "10% of the planet's surface? How many people have occupations 
that are directly or indirectly tied to the oceans? What role will tjie 
oceans play In man's future? It is not the biosph^ire alone that is in- 
fluenced by the oceans, climate patterns .all over the world are affected 
by the ocean w«Cters. Suppose, the ocean is changed throiagh man's u6e or 
misuse. What affect will this have on the conflict between man and the 
laws of nature? ' I 

In this lesson, we look in some detail on one aapect of the con- 
f3:±{f6 — man vs. nature — thAt man seems to be winning. Natural process 
cannot handle the materials man adds to the oceans as rajj^dly as required 
to keep the ocfans from becoming polluted. 



RATIONM-K: 

The developers of this lesson v^re concerned about the changes ^ 
man 1 3' WCi^tl'rrg In The near "sT^^ 'or tTie" oceans thTs 

Ib one of the Loc8t\;ions in the oceans where man's activities are most pro- 
nouftced and Easiest to observe. It is the*^ pollution of the near shore 
environments that have the moat direct effect on man — his recreation^ 
his food supply, arid his ocean-related occupations. For these reasons, 
this lesaon focuses on the sources and 'effects of pollution of the oceans. 

OBJECTIVES OF THIS LESSON: 

At the end of this lesson you. Should be able to: ^ v 

i. list JJ^ive ways the oceans are important .to man 

5. name the major sources and kind of pollutants 
man adds t^ the oceeui3 

3. explain how polluteints harmful to man are 
conceii^t/'ated in living orgeuiisms 

U. describe the effects produced in living organisms, 
% including man, by the materials he Udds to the 

'\^ceans / ** 

5' identify the major economic loss that can attribute 
to man's pollution of the oceans. 

INSTRUCTI^IONS : ^ 

^ 2. Start the audio cassette tap? and slides . (For manually operated 
slide '^arouaels, be sure 'the slide on the screen is the title slide or the blank 
colored slide in slot number one. Otherwise, the' slides and tape will not be 
synchronized.) Listen to the tape and view the slides until you eare told to • 
take the Pretest . TheJi STOP THE TAPE AND SLIDES and complete the Pretest on 
the white pages at the end of your STUDENT iffiSPONSE SHEEi;^. At the end of this 
lesson you wiJLl be asked to tal^e a Pos-^esl? on the jgreen pages that match the 
white pages at the end ot^ your STUDENT RESPONSE SHEETS. You can then compare 
your answers on the Pretext anAPosttest to- determine some of the things you 
learned during thip lesson. 
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3. Reatart the audio cassette tape . Listen to the tape and view 
the slide's until you are told tcT stop the tape and read the Glossary. Then 
flTOP THE TAPE AND SLIDES and study the ideas listJted under Frame 1 below. 

I Frame in 

The first aeries of slides in this program or^ related to seven ways the oceans 
are important to man. Study these id^as and look for them in the lesson* 

1. Oceaps contribute to the oxygen'-carbon dioxide balance In the 
atmosphere. 

2. Oceans affect the. global climate. 

3. Oceans provide the source of moisture for the worl)a'"s hydro- 
logic Eastern. 7 

* k. Oceans provide ^ood. / 

5. Oceans provide a habitat for much of our fish and wildlife. 

6. Oceans provide chemicals and minerals for man. ^ 

7. Oceans provide- transportation, ^creation, and a* pleasant 
setting for man. 




INST^^UCTIONS : ' 



Restart thg audio cassette tape euid slid^gfe . Listen to the tape 
and view the slides until referea«e is made to Frame 2. Then STOP THE TAPE 
AND SLIDES. . 



. Frame 2 
1 — „ 



You have been listening to a report o^ the major sources and kinds of ocean 
.pollutants. Below is a list of the major sources of pollutants. On your 
STUDENT RESPONSE SHEET opposite each source, l^st at least two of the Iti^ds 
of pollutants produced by that dburce.' 



Source 

Industrial liquid wastes 
(non-petroleum wastes) 
Municipal solid wastes 
Municipal liquid wastes 
Agricultural pollutantiSL 
Petroleum related wast* 
Air pollutants 




INSTRUCTIONS : 



♦ 5. Restart the audio caaeette tape . Listen to the tape an4 view 

the Y^lldea until reference in made to Frame 3. Then STOP THE TAPE AND SLIDES. 



Frame 3 



Pollutants thiat affect marine organisms and thereby ultimately affect map are 
♦.concentrated In the food chain. In the food chain flow chart on. yoiw STUDENT 
RESPONSE SHEET similar to th« one below, you are to fill in the spaces provided 
with words or phrasesuthat show how the concentration progresses up the food 
chain. Refer to the script (slide 32) if you cannot complete the food chalo 
correctly. \ 



rth organism to encounter the pollutants 



/ 

5th organism to encounter the pollutants. 



hth organism to encounter the pollutants 
3rd organism to encounter the pollutants 

X 

2nd organism to encounter the pollutants 
1st organism to encounter the pollutants 



MAN 



t 



t 



t 



t 



INSTRUCTIONS : 

6. Restart the audio cassette 
slides until reference is made to Frame h 



\ 



a pe . Listen to the tape and view the 



Then STOP THE TAPE AND SLIDES. 



\ 
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I ' 

Pollutanta In oceafa waters affect the living organisms in several ways. For 
oxmnple» the plantsXand animals are sometimes killed by' toxic wastes. . In this 
frame yuu will be aeV ^i to list the effect of sublethal doses of pollutants 

on irp^trt?- TtTgHft i ftps. xH- ace your answei^trTThe^^aceF'prov^^ 

SlUDENT RICSPONSE SHEET. Tf^r to the script, slides 27 through 39,' if ^ofhave 
trouble fxnswering the exercise. , 



Pglluteuit 

Mercury 

Pesticides 

Pesticides 
Coppfer 

Pesticides 
Oil 

Oxygen Depletion 

Phc4ft)hates and 
Nitrates 

Algae ^fud 

Sevage Waste 

Col i form 



Or ganism 
Man 

Morisvisk Shells 
Birds 

Marine Organisms 
Marine Organisms 
AlcJ&e 




Sea UrCTjIins 
Shellfish Beds 





ANSWERS TO QIJE^IONS IN STUDY 6uiDE " 



FRAME 1 I Answers 



No answer required. 



I FIUME 




You have T>e^^.l8tenlng to a report 6f the rajbco;. sources and klndck of ocean 
pollutants, ^elow is a list of the major sources of pollutants. Opposite eadh 
source list at least two of the kinds of pollutants produced by that source. 



Source 

Industrial liquid wastes 
(non-petroleuotn wastes) 



Municipal solid wastes 
Municipal liquid warstes 

ft 

Agricultural pollutants 
petroleum related wastes 
Air pollutants 



Kind of Pollutants 



acids ^ Insecticides > 
pesticides , herbl^ildea^ 
aper iQill. wastes » ^ 



garbag e 



construction nuaterials 



detergetits 



sevag e 



animal yas ^es 



fertillzet's 



pipeline breaks- 



tankers run aground 



ci ty odo rs' 
dust 



9 4 ■ • J 

Poliutanto that affect raarin£^ organisms mnd there^by ultimat«JLy affect man 
are 'concentrated In the food chain. In- the** food chain flow Ql^t below you^ 
are tb- filL in the spaces provided with words or phrases that 6hov how the 
concenti:ation progresses u^the ^food chain. 



6th organism to encounter the;pollu_t.(?ttit_s 



5th organism to encounter the pollutants 



Uth orgartism to encounter the pollutants 



3rd organism to encounter the pollutants 



2nd org6inisin to encounter the pollutants 



^ 1st ^organism to- encounter the pollutants 



A 



MAN 



r 



TUNA 



t 



HERRING 



ANCHOVIES 



r 



ZOOPLANtfTON 



t 



PHXTOPLANKTON 
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r FRAME U I Anavera 



Pollutants ih ocean waters affect the living organisms in several ways. For 
example > the plants and emiraals are sometimes killed by toxic waiStes. -In • 
this frame you will be asked to list the effect of sublethca doses of pollutants 
on specific organisms. Place your answer In the spaces provided below* 



Pollutant 

Mercury 

Pesticides 

Pesticides 
Copper 

Pesticides 

Oil 

Oxygen Depletion 

Phosphates and 
Nitrates * 

Algae. Mud 

Sewage Waste 

Coliform • 



Organism 
Man p 
Mollusk Shelld 
Fish 

Birds ^ 
^ Marine Organisms 
'Marine Organisms 

Algae 

Claras 

Sea Urchins 
Shellfish Beds 



Effect of Pollutants 



toxic /neurological 



deduce size and strength of shells 
reduced grpvth rate 



damage reproductive capacity 
clogs fljlterlng mechanisms 



organisms die 



nutrients - biostimulation 



clams die 



some org al ^sms dle> others stlmxilated 



evidence of pat h ogenfl -^-^ close shell- 
fish h6a:ve8ting ^ __^__„ 



er|c 



I 



Whitt. pt'fiMMit. of all marltie x- i 
I nve»'t,<^bn[ile9 apenU the firat f>y 
wt>ekM oT thetr liveB In estxiai'tesV 

• b . SO!t 
V. 10% 

What, percent of the \J.S. population 
llvou on our ooagtlltio? 

a, 20% 

b. hO% t 

(^'.^ bO% 

d. 80$ ■ 



X 



50JI 
0. 70J< 
(P 90% 



bi hoi 



Which of t.hc following In the 
largeat source of marine pollution? 



ny industrial liquid wastes 

b» agricultural pot|Lutants 

c. pesticides 

d. sewage 



I4, Nfune five sources of marijie pollution. 

unaariltai^ landflllB ^ municipal vasteB ^ 
barpe8> s'hlps^ or pipelines » a gricul- 
tural pollutants , industrial vastes,^ 
dredge spoils , 

5. Through which one of the following do 
pollutants first enter the marine 
environment? 

A, herring 
(Sp. phytoplankton 

c, tuna 

d. zooplarikton 

In which one of the following do 
pollutants reach their highest 
concent rat ions? 

a. birds 

bt phytoplankton 

(^T) tuna. 

• d. zooplankton 



d, Aooplankton 



& 



It.. .l9iVd« . 
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ANSWEHS TO PHETEtjl' (continued) 

7. Blxplttln how marine pollution causes 
oxygeru dt»plet Ion of the vateru. 

oxygen 'depletion is caubed by natural 
] ^>rocfn^ses removing oxygen 'from the 
water in decomposition of vaste 
mater t als 

8. In which one of the following areas 
iu an oil aplll likely to be most 
dlsaatrous? 



a. a previously unpolluted 
- ooHSta.1 area 

b. the open oceans 

1,0"^' a moderately polluted 
coastal area 



•t. pnylottaly unpolXuttd 

b. tht optn ob^tnt 

ft nodtrftttly polluted 
QOftttfti ftr«ft 



9. 



10. 



( 

11. 



Fish are dependent on plantlife for 
both food and oxygen. Why then is 
blostimulatlon (the accelerated 
fertilization of plant Ufe) harmful 
to marine animals? 

I. 

blostimulj^tion accelerates plantlife 
which takes oxygen from the water 
when the plant g are decomposed by 
Qe^turetl prpcesses ^ 

NIeasurement of which of th^e following 
substances is the stajidard method 
used to determine the health hazard 
of water to humans? 

(a^^' colifom bacteria 

b. mercury ^ 

c . oxygen 

d. salt 

Name S'Waiys in which marine pollution 
causes economic losses. 

changes natural habitats ^ 

forces the cloelng of beacheg 



chemicals kill commercially valuable 
fjgh or seafood gpeciea ^ 

Makes fish, shrimp /and ahellflah 
unfit for human consumption 

MaJces unpleasant odors . . 




1. 



QoXifom bftot«rift 



d. tftXtv 



.'i'v 



•If 
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^ ^ .GLOSSY ' * * ^ 



bilge vater : vast^evater from shiJpfc dumped at sea 

blostimulation: accelerated gro^itThi of plant life due to over-fertilization 

' ■ F . * ^• 

^^black liquor" : liquid wastes ^iom paper mills which are highiy poisonous 
to marine organisms 

coli f orm ^bac t er i a : a. bacteria. which ^ves 4n vertebrate intestines 

drtedge spoils : the bottom mfu*lne sediment excavated by dredging 

• \' 
estuary: a salt water/freshwater environment where Uhe ocean tides meet the 
current of a str^Am 

heavy metVj^s f a metal of /high specific gravity such as mercury or* copper; the 
?rm often refers to metals which ^- in compound' foim are poisonous to 

Heyerdahl : Thor Heyerdi^Jil; a present-day arc^aelogist. and adventurer ♦ One 
of his Ixplol^s has been to retrace the hypothetical voyage of 
Egyptians to 'Latin America across the Atlantic Ocean in a pagyrus 
boat. ' \ " ' 

f llandlng : a fish catch brought from the sea to land 

phytoplanktpn : minffle marine plant, life 

sewage outfall : the vent of a drain pr sewer where it drops away into a large 
body (oceam, river, bay, etc») ^ - 

sewage sludge : the waste solid by-product of municipal wasteirater treatujent 
processes • 

' solid wajte : g^i%ige or trash, up to ^0% of yhich is usually pa|)er, wood, 
plastics, And rubber 



zooplankton :, minute maarine animals 
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SCRIPT FOR LEARNING CARREL LESSON 
■ 6.15 



PDtlAJTION OP THE OCEANS 




ENVIRONMENTAL STUDIES 



A Cooperative Project of the Department of 
Oeological Sciences and the Science ^duc^tion 
CeKter "5. 



THE UNIVERSITY OF TEXAS AT AUSTIN 
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C. 




"POLLUTION OF tHE OCEANS" L«*rnlng\Carr«l. Leaic^. 15 



Title Slide 



'L____:r 



2 



Pretest 
(white pages) 



1 r 



Before you begin thii lesson » please take the PfetAat 
on the white pages In" your Study Guide. Please stop 
the tape nov. > . 



Read definition! 
in the Glosj«|ai*y 



This lesaori contains some terns Vhich you may not be familiar 
with. Therefore, it' is imperative that you reatd the Glossary 
in your Btudy Guide before you begin the lesson. Stop the 
tape nov. 




Deep blue 
ocean iraters 



Oceans cover over TOJJ. of the earth. They contribute to the 
oxygen-carbon dioxide balanc^e in the atmosphere, affect ^ global 
climate, and provide the source for the vcrld*s hydrologic 
system. , 



2 











Off- 


Saa^ 


9hor« 


food 


oil 






veils 






1 
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Oceans «ure economically valuable to man, providing among 
jother nec^aeitiee, food and minerals. 



Estuarieis ' * 

(bay) 



Ocean coastlines are the habit i3tt for much of our fish an*-*^ 
vildllfe. Estuar:^^s on our shorelines create a delicate 
8altvater-~freshvat\^v enviroiment where 90% ot marine 
invertebrates and maSSy marine fish spend the first few weeks 
of their life. ^ 




Marina and 

metropolitan 

area 



They also provide transportation, recreation, and a pleas^t 
setting for" more than 60% of the nation's population* 



8 



Floating garbage 
in jshallow 
vmty 



These coastal , waters ar^i also the final receptacle for 
many of our wastes. Essentially, eveiythlng we do to our 
earth eventually pollutes the ocean • 



Soapsuds float- 
ing on water 



1- 



r 



Pollution from unscuiitaury laftfllls, beer cans, sewage, 
all eventually reach the. oceans an(J have their effect. 



10 



Industrial or 
sewage outfall 



\ 



r 



There are, however, more direct kinds of pollution which 
reach the ocean via bcurge, ship, or pipeline. These are 
even n^re harmful because of the concentrations involved. 



llj" 



Liquid indust- 
rial outfall 



Industrial liquid wastes which ai^ the largest source of < 
pollution, in coastal and estuarine regionp include acida, 
pesticies, wastes. from refineries and paper, mills , and other 
assorted llijuids. These wastes are p.umped directly into 
bays and the oceans, 
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Diagram of ship 
dimiping valBtes 
at sea 



or hauled out to deeper waters and dumped. Many of these ar^ 
highly toxic, including cyanides, arsenic and mercuric couq^ounda, 
heavy metals, and %lack liquor" from pulp and paper mill wastes. 
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'Turtlea awinmilng 
amid suds 



J 



( 



Municipal liquid vastoa^ including savage and solid wastes, 
are the second largest source of pollution. 
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Scum €md float- 
ing garbage 




Up to 50^ of solid wastes J or garbage, is usually paper, wood, 
plastics, aijd rul?ber, all of which can float to the surface 
and can be transported greater distances by current and wind. 
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Heyerdahl 
expedition 



Early in 1970, the Heyerdahl expedition encountered wastes 
over large ea^eas of water in mid-ocean, reporting that the 
odean was "visibly polluted by human activity." 



16 



Crop dusters 



Agriculturai- pollutants from land runoff, anim^ vastes, 
* pastlcidiBS, and fertilizers add to the load o? wastes 
' ultimately reaching the ocean. 
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Dredge at/JporK 



/ 

Dredge spoils ajfe the Bolid materials retooled from the bottom 
of water bodies generally for the purpose of improving navlg^ 
tion. About 3^J{ of this material Is polluted* 



/ 
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Heavy industry 
poi:\^ting cdr 



This contamination comes from industrial, municipatl, and 
agricultural pollutemts which have been deposited on the bottom 
of bays. and coasteUL shores. 



— I 

Sewage sludge 
agitator 



Another pollutant is sewage sludge whifih is the waste solid 
by-product of municipal wastewal^er treatment processes. 
Sewage kludge contains heavy metals, oxygen-demanding materials, 
including residual human wastes, euid some disease-causing 
bacteria. 
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Bilge vater 
being emptied 
troxn ship 



Bilge water from ahips, filled with oil and wa»tes from ehip. 
. engine8./are emptied directly into the ocean, both in h'aJrbors 
etnd on the high seaa. * 
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Aerial view of 
oil spill near 
refinery 

1 r 



Many accldHits occur in offshore oil drilling areas. Pipe-- 
lines break, wells blow out, oil tankers run agroundj^ and oil 
is spilled in transfer from storage stations to tankers. 
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Finger dipped 
in water, and 
coming out 
covered' in oil 



All too often the surrounding waters wind up looking lik^ 
, this. 
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Air-'polluting 
smokestacks 



1, 



A large part of air pollutants eventually end up in the 
ocean ~ directly, or through runoff from the land. 
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Robin 

in sail- 
boat 



L,A. 

smog 

fre*- 
vays 



Robin Oreiham, thfe young man who sailed around the world alone 

in a satXboat, reported that he could smell Los Angeles 

one hundred miles out to sea. It smelled like "wet concrete." 
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Stop the tape 
now. 

Frame 2 
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Cartoon : Man 
cutting into 
fish & getting 
squirted vith 
oil 



In order to underetand the effects of pollutants on marine 
ecosystems, one needs to undex'starid hov pollutants are dispersed 
and concenti*ated* 



2TI 



Phytoplamkton " 



PQllutants enter living ajrstems through^ biological concentration. 
Billions of tiny phytoplankton organisms act as a great .biolo~ 
gical blotter, picking up nutrients, trace iaetals, and other 
materials. . > • 
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Shellfish 



Heavy metals have been found in toxic concentrations in 
plar^Jtton , seaweed, an4 shellfish, althou^ levels of 
concentration in the surrounding water were not high. 
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Underwater ^ The ability of biota to concentrate materials varies, from 
ttcene of coral a few hundred to several hundred thoui and times the 

and seafans concentrations in the surrounding environtaent. ' "v 

1 r ■ 
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Whale 



As this process moves through the food cha^n, concentrations 
reach their highest levels in predators such as marine mammeds, 
birds , and man . 
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1 
10 

100 
1,000 



lb , tur^ 
lbs; herring 
lbs. aj^hovles 
lbs, zooplankt 
> Libs, pt&toplankt 

V I r 




For example, IjO^O'iJSunds of phytoplaj^tpn produces 
100 pounds of zoopiankton, which pjf^oduces 50 pounds 
of anchovies^ which produce lO p^ttnds of herring,, 
whi^rproducfc 1 pound of tuna. 
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Stop the tape 
rtov 



Pram© 3 
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dlatbis 



y * 



fish 
on 

ship- 
deck 



1 oz^^ercury 



* ''€-f these 1,000 -pounds, of phytoplankton had a|jjlmilated 
1 ounce 6f mercury from surrounding water, the same 
one 'ounce of mercxtfy voiad be found' in the vl pound of 
tuna harvested by fishermen, ^ 
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Japanese 

fishermen 



Between 1953 and 1960, one hiindred and eleven persons 
were reported to have been killed or to have suffered 
serious neurological damage near Minamata, Japan, as 
a result of eating fiph.and sj^ellflsh c.aught in areas 
contaminated by mercury. / 
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Deformed' 
children 



* ■ ■ ■/? 



Anong th«se were 19 congenitally defective babios irtiose 
mothers had eat^n the fish and shellfish. 
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Woman looking 
at huge clama 



r 



Although planjB imd anlmeds are aom«tlm«i killed by toxic 
w*ate8, orgwilsma may be affected by concentrattonB far 
beloy^ the lethal level. For. example, sublethal doe^e of 
pesticides reduce the size and strength of mallusk shells. 
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Close-up ',9f a 
fish 



Fish exposed to sublethal doses of pesticides and 
copper have also exhibited reduced grovth rate aAd 
reproductive activity. 



Eihgle eating 
fish 



r . 



^Pesticides endanger higher predators because of biological 
concentration. For example , pesticides amplified through 
the food chain damage birds* reprodiwtive capability, and 
in some cases seriously reduce their populations. 



Oil covered 
live bird #n 
beach 



Oil introduced into the iiarine environment alters reproduction 
and other behavior. 
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Dfidd oil-cover- 
ed bird mnd 
garbage on the 
beach 



> 



Dlreqt cont*dt with roeplratory organs weakena or kills 
animals, and oil clogs their filtering mechanisms.* 



( 
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Sewage outfall 



.1 



Pollution can also cause oxygen depletion. Oxygen supports 
n»54pii«i^ar5a aquatic life and is necessary for the biologica:}, 
degradation of organic materials. 
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Floating dead 
fleh ^amld suds 



Organic wastes dumped *or diftcharged into water bodies require 
oxygen to decoi^ose. If waste loads are too heavy, the oxygen 
levels become depleted, and the diversity of marine organisms 
is altered* 
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Dead fish on 
beach in oil 



For example, large ^amounts of oxygw are required, to 
decompose oil. . If the oxygen level is already low in an 
oil spill area, damage from the oil spill msy be even more 
severe. 
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Oil-covered 
oyBter beds — 
d(»k*rickB in 
t>ftck(jround 



r 



Many of the nation *8 rivpra, estUarles, and hajxbors are 
in this condition. In the Potomac estuary » severely 
polluted by munlcipcLL vaates > diasolved oxyger^ levels 
approach zero in some areas during warm jiummer' months. 
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.Floating,' bloat 
ed dead fish 



When all 'oxygen isSiepleted, organisms dle> and 
anaerobic bacteria produce malodorous gases. 



Aerial view of 
pollution enter- 
ing a river 



Some wastes, such as sewage sludge, are particuleo'ly rich 
in nutrients Quch as phosphates and nitrates. 



f 



Algal bloom 



These nutrients can cause blostimulation — the ^accelerated 
fertilization of plant life. When these plants die, oxygen 
necessary to support marine life is used in their decomposition. 
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Atiother algal 
bloom 



iJL 



And when d^ad Algme are carried to beaches, thfy rot 

tnd produce impleaeitnt odora. By creiating excessive 
looms of algae, biostimulation indirectly chaages the 
nature of bottom sediments » 



>u , ^ 

Seafloor scene 



1 



and thus the whole community of bottom organisms. For 
example, areas which formerly supported surf oiams in sand 
may become ^covered with an algal mx^d to which the surf clams 
<:annot eydapt. Changes in the kinds and ^quantities of 
sediments dep^osited may alter ecosystems. 
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Crown of Thorns 
starfish 



The plague of starfish in the Pacific may be an example 
of this effect. In recent yeers, the numbers of Crown of 
Thojns starfish have multiplied. 
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Crown of 
Thorny star- 
fish eating 
coral' 



This coral-eating starfish has devastated largo^ areas of the 
coral reefs off many Pacific islands and the Great Barrier 
Reef of Australia. » , 
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Dredging 
opelration 



\ -■ 

\ JL J 



The starflulk pojxulation exploslbn m«y be *link«d to aedlment 
from blmating, drndgine;;, and dumpittg, which protect the 
larval atacflsh from their prtdators. 



5U 



Very polluted 
waters 



1. 



Ajnpthey example of habitat change due to pollution is along 
the Southern California coast. Signiflceuit changes in the 
benthlc geology have been caused by sewage wastes from several 
municipalities ♦ 



Lots of sea 
urchins eating 
kelp 



■7 



These wastes brought about a ^ shift in the marine population- 
Large numbers of sea urchins replaced other orgeuilsms and 
grazed on g;lant kelp beds near the sewage outf8d.ls. 
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Diver amid kelp 



Because of the commercietl value of giant kelp and the habitat' 
it provides for many marine autiimals, the changes were an 
, economic and an ecologlc loss. 
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S«iifood buff«t 



Public health ^robleme are created by toxic agente and 
pathogena that find their way into the human food chain 
through aeafood. 
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£• coll bacterii 



The standard method for determining the potential public 
health hazard of fish is the coliform bacteria coynt. These 
heurmless bacteria^ are rough indicators of pathogens. If the 
count exceeds Food and Drug Administration standards, shell- 
fish beds axe closed to harvesting. 
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Skeleton of 
animal li garbage 
in shallow, water 



Many beachea- have also been closed to swimming because of the 
high coliform content of the water. Most closed beaches are 
neair large metropol^^tan areas, such as San Francisco and New 
York ♦ • 



Bloated body 
of animal in 
filthy water 



Floating materials, such as solid wastes «md oil, pose e!' 
major threat to amenity values. 
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Soapaudp In bay 




Rotting alga* and anaarobic waters causa unplaas^t odors anxl 
visual pollution t and debris is oft«n a hasard to small boats. 



r ! 



-Mr 



62 



stop the tape 
noir. 

Frame h 



63 



Floating, dead 
fl0h 



Significant economic losses result from ocean pollution. 
A major loss is the commercially valuable fish or other 
sea;food species killed directly or indirectly, or rendered 
inedible* 
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Dravlng of 
underwater 
diver and huge 
clams 



i 



Prior to 1935 » the ai*nual commercial catch of soft shell 
clams In, San Francisco Bay was between 100,000 and 300,000 
pounds. 7oday, clam digging is vli'tually nonexistent 
because of pollution. 
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Shrimp catch 
(6.5 million 
pounds to 10,000 
pounds ) 
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The annual, commercial landings of the shrimp fishery prior to 
1936 were a« high as 6.5 million pounds; landings in 1965 
were only 10,000 pounds. 
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Fish being test- 
ed in labora- 
tory 



Contamination by pestidices or mercury has rendered nine 
species of, fish unfit for consumption by humans. SoAe states 
have impounded fish and banned fishing of those species because 
of mercury poisoning > 



Head of a coho. 
salmon 



and the FDA impovmded coho salmon, due to high levels of DDT. 
Even where contamineuit levels do not prevent safe consutaption, 
the food may be discolored or tainted. 
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Surfer and his 
board coverad in 
oil ' 



r 




• • . - • \ 

Tourist coastal, areas are stricken financlaj.ly by oil spills 
which reach their beaches. Oily or odprous beaches gflfherally 
mean no tourists. 
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Girl carrying 
oil-aoakttd 
•trav out of 
a spill area 

~i J 



A further ocean pollution cost ift that of cleaning upi or 
rehabilitatijy polluted beachee and other ahorse. 



70 



Poattest 



Nov turn in your Study Guide to the Posttest. Answer the 
test questions again, this time on the green pages. Stop 
the tape now. 



Check your 
Poatteat 
cuisvers vlth the 
Study Guide 



You may now che9k your Posttest amawers against the answer 
sheet in the back of your Study Gxiide. If, after checking, 
you feel you have learned all you need to know from this lesson, 
you jpay stop. ^However, if you did not answer most of the 
questions correctly, feel free to take this lesson over agalQ. 
The Proctor will help you. 



The End of this 
Lesson " 
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LESSON 6,15: POLLUTION OF TKE OCEANS 



STUDENT RESPONSE SHEETS 



Name 
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LESSON 6.15: POLLUTION OF THE OCJEANS 
STUDBirr RESPONSE SHEET 

I Frame 1 1 

. : .: t 

No answers required 

. _ . - > f I 

I Frame 2 1 

You have been listening to a report of thef major soiarces and kinds of ocean 
^pollutants. Belov is a list of the major sources of pollutants. Opposite 
each source list at least two of the kinds of pollutants produced by that 
r source. 

■ -v. 



IndustriaLL liquid wastes 
(non-petroleum wastes) 



Municipal solid wastes 



Municipai liquid wastes 



Agricultural pollutants 



Petroleum related wastes 



1 ^-^ 



Air pollutants 
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LESSON 6.15: POLLUTION OF THE OCEANS 
BTUDEJI? RESPONSE SHEET 



1 ^ 3 r 



Pollutants that affect marine or^aniems and tl\ereby ultimately fliffect man^aj^<> 
concentrated in' the food chain. ! In the food chain chart .belov, you are to* fill 
in the spaces provided with words or phrases that show how the concentration 
progresses up the. food chain. 



\ 6th^ organism to encounter the pollutants 



5th organism to encounter the pollutants 



3rd Qx«arUjaiP^to^«^ the pollutants 



2nd organism to encounter the polIUtanta 



1st organism to encounter the pollutants 



• MAN 
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« Name 



Date 



LESSON^ 6,15: POLLUTION OP THE OCEANS 
STUDENT RESPONSE SHEET 



Pdllutants in ocean vaters affect the living organismdin several Vays* For 
example V the plants emd animals are sometimes killed by toxic wastes. In this 
frame ybu will be a^sked to \iBt the effect of sublethal doses of pollutants on 
specific organisms. Place your answer in the spaces provided* ... 



Polljgitant 

Mercury' ^ 

Pesticides 

Pesticides 
Copper 

Pesticidirs 

Oxygen 'Depletion 

FhoaphatM^ '^andk 
Nitrates 

Algae Mud 

SevaR9 Waste 



iva^ 

Col i form ^ 



Or ganism 



Effect of Pollutants 



Man 



Mollusk Shells 



Fish 



Birds 

Marine Organisms 
{Marine Orgeuiisms 
Algae 



Clams 

Sea Urchlna 
Shellfish 



:4»ESS0N 6.15: ' POLLUTION OF THE OCEANS 
. . STUD(EI^' RESPONSE SHEET 



Wh'at per<ient of all marine ' ^ 
Inver^bratea spend the first few* 
daya of their lives in estuaries? 




a. 30.% 

b. 5o;< 

c/ 10% 

d. 90!t 



■I 



What pe;:cent of the U.S. papulation 
llve3 on cm: coastline? - 




a. 
-b. 
c . 
d. 



20% 
U0% 
60% 
80% 



3. WhiOh of the following is the la^rgest 
source of marine pollution? 

a. industrial liquid wastes 

b. agricultural pollutahts 

c. pesticides »•< 

d. stfwage s 

h. Name five sources of marine pollution. 
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Through which one of the following do 
pollutants first enter the marine 
environment? 
a, ^Herring 
; b^. ^hytoplankton 
^ c. tuna ' ' 
d. zooplankton 

^[q whT.ch one of the following do 
pollutants rgach their highest 
conceVitrations? 
a. birds 

Lton 



' ' 1.:, '-"^^-^'jJ* 



;oplwik1 



b» . phjrtopj 

c. tuna" 

d. 2obpliii3cton 
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IJSBSON 6,15: POLLUTION OF THE OCEANS 
STUDENT RESPONSE SHEET 
PRJETEST (continued) 



Explain how marine -pollution causes 
oxygen depletion of the vaters.' 



TT 



In which one of the following arele 
Is an oil spill likely to be most 
disastrous? 

a. a previous ly'unpollutei^ 
coastal area 
the open oceans 
a moderately polluted 
coastal area 



b. 

c. 



Fish are dependent upon plantlife for 
both food and oicygen. Wliy then is 
bldstimulatlon (the accelerated 
fertilization of plant life) harmful 
to marine animals? 



10. Measurement of which of the following 
substances is the standard method, 
used to determine the health- hazard 
of water to humans? 

a. coliform count 

b. mercury 
c • oxygen 
d. salt 

11/ Name 3 ways in which marine pollution 
causes economic losses. 
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b. 
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